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[0003] 



DOUBLE WALL COMBUSTOR 
LINER SEGMENT WITH 
ENHANCED COOLING 



ickground of Invention 

This invention relates generally to turbine components and more particularly to a 
generally cylindrical connector segment that connects a combustor liner to a 
transition piece in land based gas turbines. 

Traditional gas turbine combustors use diffusion (i.e., non-premixed) flames in 
which fuel and air enter the combustion chamber separately. The process of mixing 
and burning produces flame temperatures exceeding 3900 degrees F. Since 
conventional combustors and/or transition pieces having liners are generally capable 
of withstanding for about ten thousand hours (1 0,000) a maximum temperature on 
the order of only about 1 500 degrees F., steps to protect the combustor and/or 
transition piece, as well as the intervening connecting segment, must be taken. This 
has typically been done by film-cooling which involves introducing the relatively cool" 
compressor air into a plenum surrounding the outside of the combustor. In this prior 
arrangement, the air from the plenum passes through louvers in the combustor liner 
and then passes as a film over the inner surface of the combustor liner, thereby 
maintaining combustor liner integrity. 

Because diatomic nitrogen rapidly disassociates at temperatures exceeding about 
3000 ° F. (about 1 650 ° C), the high temperatures of diffusion combustion result in 
relatively large NOx emissions. One approach to reducing NOx emissions has been 
premix the maximum possible amount of compressor air with fuel. The resulting lean 
premixed combustion produces cooler flame temperatures and thus lower NOx 
emissions. Although lean premixed combustion is cooler than diffusion combustion, 
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the flame temperature is still too hot for prior conventional combustor components to 
withstand. 

[0004] Furthermore, because the advanced combustors premix the maximum possible 
amount of air with the fuel for NOx reduction, little or no cooling air is available, 
making film-cooling of the combustor liner and transition piece impossible. Thus, 
means such as thermal barrier coatings in conjunction with "backside" cooling have 
been considered to protect the combustor liner and transition piece from destruction 
by such high heat. Backside cooling involved passing the compressor air over the 
outer surface of the combustor liner and transition piece prior to premixing the air 
with the fuel. 

[0005] Lean premixed combustion reduces NOx emissions by producing lower flame 

temperatures. However, the lower temperatures, particularly along the inner surface 
or wall of the combustor liner, tend to quench oxidation of carbon monoxide and 
unburned hydrocarbons and lead to unacceptable emissions of these species. To 
oxidize carbon monoxide and unburned hydrocarbons, a liner would require a thermal 
barrier coating of extreme thickness (50-100 mils) so that the surface temperature 
could be high enough to ensure complete burnout of carbon monoxide and unburned 
hydrocarbons. This would be approximately 1 800-2000 degrees F. bond coat 
temperature and approximately 2200 degrees F. TBC (Thermal Barrier Coating) 
temperature for combustors of typical lengths and flow conditions. However, such 
thermal barrier coating thicknesses and temperatures for typical gas turbine 
component lifetimes are beyond current materials known capabilities. Known thermal 
barrier coatings degrade in unacceptably short times at these temperatures and such 
thick coatings are susceptible to spallation. 

[0006] 

Advanced cooling concepts now under development require the fabrication of 
complicated cooling channels in thin-walled structures. The more complex these 
structures are, the more difficult they are to make using conventional techniques, 
such as casting. Because these structures have complexity and wall dimensions that 
may be beyond the castability range of advanced superalloys, and which may exceed 
the capabilities of the fragile ceramic cores used in casting, both in terms of breakage 
and distortion, new methods of fabricating must be developed to overcome these 
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prior limitations. Possible geometries for enhanced cooling are disclosed in, for 
example, commonly owned U.S. Patent Nos. 5,933,699; 5,822,853; and 5,724,816. By 
way of further example, enhanced cooling in a combustor liner is achieved by 
providing concave dimples on the cold side of the combustor liner as described in U.S. 
Patent No. 6,098,397. 

[0007] In some gas turbine combustor designs, a generally cylindrical segment that 

connects the combustion liner to the transition piece and also requires cooling. This 
so-called combustor liner segment is a double-wall piece with cooling channels 
formed therein that are arranged longitudinally in a circumferentially spaced array, 
with introduction of cooling air from one end only of the segment. The forming of 
these cooling channels (as in U.S. Patent No. 5,933,699, for example) has been found, 
however, to produce undesirably rough surfaces, and in addition, the design does not 
allow for the spaced introduction of coolant along the segment. 

[0008] Accordingly, there is a need for enhanced cooling in the segment connecting the 
combustion liner and transition piece that can withstand high combustion 
temperatures. 

Summary of Invention 

[0009] This invention provides a generally cylindrical double-wall segment for connecting 
the combustion liner and the transition piece with enhanced cooling achieved by the 
inclusion of concavity arrays on one or both major surfaces of each cooling channel, 
thereby providing as much as 1 00% cooling improvement. As a result, the channels 
may then also be extended by as much as two times their original length without 
increasing the volume of required cooling air. This arrangement also allows the 
cooling air to be fed in by impingement cooling holes spaced axially along the 
segment, rather than forced in only at one end of the segment. 

[0010] 

In the exemplary embodiments, one or both major surfaces of the double-walled 
cooling channels are machined to include arrays of concavities that are generally 
closely spaced together, but may vary in spacing depending upon specific application 
needs. The spacing, cavity depth, cavity diameter, and channel height determine the 
resulting thermal enhancement obtained. The concavities themselves may be 
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hemispherical, partially hemispherical, ovaloid, or non-axisymmetric shapes of 
generally spherical form. Cooling air is either introduced at one end of the channels, 
or alternately, through axially spaced impingement cooling holes, in combination with 
the cooling air inlet at one end of the segment. 



walled channels creates a heat transfer enhancement by so-called whirlwind effect 
from each cavity. The placement of similar arrays on the "cold" surface also serves to 
enhance heat transfer if the walls are spaced closely together. Due to the bulk vortex 
mixing motion of the flow interaction with the cavities, the friction factor increase is 
small compared to that of a smooth surface. This overall cooling enhancement allows 
less total coolant to be used at any location in the channels. Moreover, by spacing the 
introduction of cooling air into the channels using impingement holes, the resultant 
effect is that the overall length of the enhanced double wall segment may be extended 
by about two times, without the use of additional coolant. 

[0012] Accordingly, in its broader aspects, the present invention relates to a connector 
segment for connecting a combustor liner and a transition piece in a gas turbine, the 
connector segment having a substantially cylindrical shape and being of double- 
walled construction including inner and outer walls and a plurality of cooling channels 
extending axially along the segment, between the inner and outer walls, the cooling 
channels defined in part by radially inner and outer surfaces, wherein at least one of 
the radially inner and outer surfaces is formed with an array of concavities. 

[001 3] In another aspect, the invention relates to a connector segment for connecting a 
combustor liner and a transition piece in a gas turbine, the connector segment having 
a substantially cylindrical shape and being of double-walled construction including 
inner and outer walls and a plurality of cooling channels extending axially along the 
segment, between the inner and outer walls, the cooling channels defined in part by 
radially inner and outer surfaces; wherein both of the radially inner and outer surfaces 
are formed with an array of concavities; and further comprising axially spaced holes in 
the outer wall communicating said plurality of cooling channels. 

[0014] The invention will now be described in detail in conjunction with the following 



[0011] 



The formation of arrays of surface concavities on the "hot" side of the double- 



drawings. 
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Brief Description of Drawings 

[001 5] FIGURE 1 is a schematic representation of a known gas turbine combustor; 

[001 6] FIGURE 2 is a perspective view of a known, axially cooled, cylindrical combustor 
liner connector segment; 

[001 7] FIGURE 3 is a partial cross section of a cylindrical cooling segment, projected onto 
a horizontal plane, illustrating cooling channels with enhanced cooling features in 
accordance with the invention; 

[0018] FIGURE 4 is a perspective view of the segment in Figure 3, showing the addition of 
impingement cooling holes axially spaced along the length of the cooling channels; 

[001 9] FIGURE 5 is a schematic representation of surface concavities, viewed in plan, as 
they would appear along the length of both major surfaces of a cooling channel; 

[0020] FIGURE 6 is a schematic representation of a cooling channel, viewed in plan, and 
with the top surface of the channel removed, illustrating an array of surface 
concavities in the lower surface of the channel in accordance with the invention; and 

[0021] FIGURE 7 is a schematic representation of one major surface of a cooling channel 
illustrating the cross-sectional shape of surface concavities along the interior surface 
thereof. 

Detailed Description 

[0022] Figure 1 schematically illustrates a typical can annular reverse-flow combustor 1 0 
driven by the combustion gases from a fuel where a flowing medium with a high 
energy content, i.e., the combustion gases, produces a rotary motion as a result of 
being deflected by rings of blading mounted on a rotor. In operation, discharge air 
from the compressor 1 2 (compressed to a pressure on the order of about 250-400 

lb/in ^ ) reverses direction as it passes over the outside of the combustors (one shown 
at 1 4) and again as it enters the combustor en route to the turbine (first stage 

indicated at 1 6). Compressed air and fuel are burned in the combustion chamber 1 8, 

producing gases with a temperature of about 1 500 ° C. or about 2730 ° F. These 

combustion gases flow at a high velocity into turbine section 1 6 via transition piece 

20. 
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[0023] A connector segment 22 (Fig. 2) may be located between the transition piece 20 
and the combustor liner 24 that surrounds the combustion chamber 1 8. 

[0024] In the construction of combustors and transition pieces, where the temperature of 
the combustion gases is about or exceeds about 1 500 ° C, there are no known 
materials which can survive such a high intensity heat environment without some form 
of cooling. 




[0025] 



[0026] 



[0027] 



Figure 2 shows a cylindrical segment 26 that may be used to connect the 
combustor liner 24 to the transition piece 20. The segment 26 is of doubled-walled 
construction with axially extending cooling channels 28 arranged in circumferentially 
spaced relationship aboux the segment. The combustor liner and transition piece may 
also be of double-wallera construction with similar cooling channels. The segment is 
shown with a radial attachment flange 30, but the manner in which the segment is 
attached to the cornoustor liner and transition piece may be varied as required. The 
segment 26 may h4 made of a Ni-base superalloy, Haynes 230. Depending on 
temperatures of individual applications, other materials that could be used include 
stainless steels/alloys and composites with a Ni-base, Co-base, Fe-base, Ti-base, Cr- 
base, or Nb-base. An example of a composite is a FeCrAlY metallic matrix reinforced 
with a W phase, present as particulate, fiber, or laminate. The materials used in the 
hot wall and cold wall of the segment are not required to be the same alloy. For 
purposes if this discussion, inner wall 32 of the segment is the "hot" wall, and outer 
wall 34 is/the "cold" wall. 

Referring now to Figures 3 and 4, schematic representations of cooling channel 
configurations in accordance with this invention are shown. The segment is partially 
shown in planar form, prior to hoop-rolling into the finished cylindrical shape. It will 
be understood that the segment shape could also be oval or conical depending on the 
specific application. 

Re-designed cooling channels 36 are elongated and^geftefally rectangular shape, 
each having upper and lower surfaces 38, 4^l<r^spectively. Based on the previously 
characterization of outer and innej>WaMs 34, 32, it will be appreciated that surface or 
wall 38 is the "cold" surf^ee^or wall and surface or wall 40 is the "hot" surface or wall. 
In other wordsj^ruse, surfaces 32 and 40 are closest to the combustion chamber, 
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whf to surf aces- ^ 38 a fg-dus rcrt to the c o mp r creor - coo li ng - a ifr-etrtside^e cornbusto r , 



best seen in Figures 5-7, the concavities 42 are discrete surface indentations, or 
dimples, that may be semispherical in shape, but the invention is not limited as such. 
In addition, the concavity surface may be altered for various geometries of dimple 
spacing, diameters, depths, as well as shapes. For example, for a given dimple 
diameter D, the center-to-center distance between any two adjacent dimples may be 
1.1D to 2D, and the depth of the dimples may be 0.1 OD to 0.50D (see Figs. 5 and 7). 
Preferably, the channel aspect ratio, defined as the channel height divided by the 
channel width, is in the range of 1 to 0.2, and more preferably in a range of 0.4 to 
0.2. The ratio of channel height to concavity diameter is preferably in the range of 
0.25 to 5, and more preferably in the range of 0.5. to 1 . The concavities may be 
formed by simple end-milling, EDM, ECM or laser. 

[0029] Figures 5 and 6 show arrays of dimples 44 that are arranged in staggered rows, 
but here again, the specific array configuration may vary as desired. Note in Figures 6 
and 7 that the dimples 44 are ovaloid in shape, as opposed to the circular dimples 42 
in Figure 5. 

[0030] With reference to Figure 4, impingement cooling holes 46 may be provided in 
axially spaced relation along each cooling channel 36. This allows for the spaced 
introduction of cooling air into the channels 36 along the axial length of the segment, 
and about its circumference, further enhancing cooling of the segment. 

[0031] The addition of surface concavities and impingement holes enhances cooling by 
as much as 1 0096. This also means that the cooling channels may be extended by a 
factor of 2 without requiring additional cooling air. 

[0032] While the invention has been described in connection with what is presently 

considered to be the most practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed embodiment, but on the 
contrary, is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 



[0028] 



Concavities 42 are formed in at least one and preferably both surfaces 40, 38. As 
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